We performed an audit of booked and unbooked admissions to a paediatric intensive care unit (PICU) after anaesthesia over a 19 month period in order to determine whether unbooked admissions were predictable, or whether there were any preventable anaesthetic factors responsible for PICU admission, and to evaluate the necessity of PICU admission in all study patients. Data was collected from the PICU database and from the medical records, especially the anaesthesia records, of unbooked admissions. There were 640 admissions to the PICU from the operating theatres, with 35 (5%) unbooked. Of the unbooked admissions, 71% were considered predictable and 20% had preventable features. There was an appropriate use of intensive care resources by these unbooked patients, with 77% having PICU-specific therapies (compared with 88% of booked cases). This quality assurance tool was relatively easy to perform, however it has numerous limitations hampering future routine use.
Examination of unbooked admissions to intensive care after anaesthesia (UIAs) has been a controversial method of anaesthesia quality assurance 1 . We have performed an audit of our UIAs with a view to developing this technique as a routine quality assurance (QA) technique in our paediatric hospital. Audit has been used in a number of studies of adult anaesthesia 2,3 and intensive care 4, 5 . We have studied an exclusively paediatric population.
All patients admitted to our paediatric intensive care unit (PICU) following anaesthesia for a period of 19 months were studied. The aims of the study were to (1) identify patterns of predictability and preventability in those patients needing urgent and unforseen intensive care admission with a view to improving anaesthetic management, (2) establish the need and usefulness of intensive care admission in all study patients, and (3) determine the feasibility of using this method of review as a routine quality assurance tool in the future.
There are potential benefits in developing UIA audit as a quality assurance tool. By identifying types of patients at high risk of unbooked admission to PICU, strategies to promote better preparation and more careful management of those cases under anaesthesia may be developed. In addition, booking of an intensive care bed should be arranged, permitting more efficient utilization of ICU resources. Ideally, quantification of unbooked admissions would allow comparison of performance over time and between anaesthetic departments. Identification of common errors or patterns of errors in the management of patients which results in unbooked admissions will permit education programs for anaesthetists. Cullen et al 1 have discussed the threshold for admission to ICU after misadventures intraoperatively, judged by the ICU-specific procedures performed. By identifying types of patients whose unbooked admission to PICU in retrospect appeared unwarranted, a group of patients who may be more appropriately nursed outside PICU would be identified.
MATERIALS AND METHODS
The admissions to the PICU of Royal Alexandra Hospital for Children, Sydney, for the period October 1, 1993 to April 30, 1995 were reviewed. This hospital is a university-affiliated paediatric tertiary referral hospital with 280 beds, performing 9454 surgical operations per annum. There were 1175 admissions to the PICU over this period, with 640 (51%) being post-anaesthesia. Thirty-five (5%) of these postanaesthesia patients were unbooked.
Details of all admissions to PICU post-anaesthesia were prospectively recorded in a database maintained by the PICU consultants. This database records the source of the admission, whether postoperative admissions are booked or unbooked, patient age, number of nights of stay (date of discharge-date of admission), mortality, details of the therapies performed (including medications, monitoring lines, and some specific therapeutic interventions), and diagnoses of all admissions to the PICU. Details are entered during the PICU admission and completed by the intensive care physician on duty around the time of discharge of the patient from PICU. For each admission a score had been prospectively recorded which reflected physiological derangement on admission to PICU (Paediatric Risk of Mortality, PRISM 6 ) which then permitted estimation of risk of mortality. PRISM scores were performed on all 35 UIAs and 531 (88%) booked patients. Also, a score reflecting the intensity of therapeutic and monitoring procedures performed on the patients in the first day of admission (Therapeutic Intervention Scoring System, TISS 7 ) was recorded prospectively. TISS scores were performed on all UIAs and 322 (53%) booked admissions from operating theatre. Other patient details were also analyzed according to whether the admission was booked or unbooked. An attempt was made to identify patterns of clinical presentation from these details.
An admission was defined as "booked" if the PICU had been asked to reserve a bed for the patient before the case commenced in operating theatre. Post-anaesthesia admissions were defined as admissions to intensive care following general anaesthesia either directly from the operating theatre or cardiac catheterization room, or via recovery room.
The case was considered predictable if we considered that, based on the information available in the patient's medical record before the case commenced, PICU admission was highly likely. Preventable anaesthetic features were defined as anaesthetic errors of either omission or commission, responsible for PICU admission, in either the technique selected by the anaesthetist or in the preparation of the patient for anaesthesia.
The medical records of unbooked admissions from anaesthesia (UIAs) were reviewed, with particular attention paid to the record of anaesthesia and preparation for anaesthesia. An attempt was made to identify predictability of admission and preventable factors (precipitating admission to PICU) in the preoperative preparation or in the anaesthetic technique. The following clinical features relevant to anaesthesia management were especially noted: management of fluids, blood loss, airway problems, cardiac disease, respiratory failure, renal impairment and infection.
Therapies performed on the post-anaesthesia patients in PICU were reviewed. Therapies considered specific to ICU were nominated as: invasive lines (arterial, central venous, pulmonary artery, transthoracic right atrial, left atrial), therapy for raised intracranial pressure (ICP), ICP monitoring, management of an intubated patient with or without ventilation, renal replacement therapy, cardioversion, and administration of inotropes or neuromuscular blockade. These interventions are prospectively recorded in each PICU admission in the PICU database. A guide to the worthiness of admission to PICU was achieved by analyzing therapies specific to intensive care, degree of physiological derangement using PRISM and overall intensity of care in PICU using TISS.
In all the analyses, attention was paid to the most easily definable features which would be possible to easily separate for future routine analysis.
This study was approved by the Hospital Ethics Committee. Parental consent was not sought as only medical record review was involved and no direct patient contact occurred.
Statistical Analysis
The Mann-Whitney U test was used to compare the distributions of TISS, PRISM and length of stay in PICU for unbooked and booked patients. The Chisquare test was used to analyse TISS classification. A P value of 0.05 was used to indicate a significant difference.
RESULTS
Examination of the database revealed that of the 640 post-anaesthesia patients admitted during the study period, the vast majority of booked admissions followed cardiac surgery (85% vs nil for non-booked), whereas the majority of non-booked admissions were for respiratory support (80% vs 13% for booked) ( Table 1) .
Thirty-five patients (5% of post-anaesthesia admissions) were unbooked (UIAs) and we divided them into four groups. Group 1 consisted of eight admis-sions which we considered were unpredictable preoperatively and had no preventable features ( Table  2 ). Group 2 consisted of twenty admissions which we considered to be predictable on the basis of the information available in the patient's medical record but to have no preventable features (Table 3 ). Group 3 consisted of two admissions which we considered were not able to be predicted but had some preventable features in anaesthesia management (Table  4 ). Group 4 consisted of five admissions which we considered to be both predictable and to have preventable features. who was otherwise normal, had a gaseous induction with oxygen, nitrous oxide and halothane, was paralyzed using atracurium and then maintained on oxygen, nitrous oxide and isoflurane. Pain relief was with paracetamol 15 mg/kg and a total of 200 µg/kg morphine intraoperatively. Following the procedure, muscle relaxation was reversed and she was transferred to recovery ward where she was noted to have persistent severe pain. She was therefore given a further two doses of morphine 100 µg/kg and one dose of 50 µg/kg, making a total dose of 450 µg/kg. Shortly thereafter, she settled but was noted to be obstructed when asleep with associated desaturation. She was given naloxone 3 µg/kg and a nasopharyngeal airway was inserted with marked improvement in the airway. She was then transferred to intensive care breathing spontaneously on the nasopharyngeal airway and made an uneventful recovery. In our hospital, cleft palates are normally nursed postoperatively in a high dependency unit. In this case, we determined that admission to intensive care was due to preventable features of the anaesthetic and recovery ward management (namely respiratory depression due to morphine) but without any predictable preoperative features. Group 4 (the group with predictable and preventable features) included a seven-month-old female (case number 34) for laparotomy and reduction of intussusception. The child had been vomiting severely but biochemistry taken twelve hours prior to surgery showed a serum Na+ of 141 mmol/l and K+ of 3.9 mmol/l. Just prior to induction of anaesthesia, seizure activity was noted in the left upper limb. Nonetheless, a gaseous induction was performed with oxygen and halothane, and subsequently cricoid pressure was applied and the patient given atropine and suxamethonium, intubated and maintained on oxygen, nitrous oxide, isoflurane and vecuronium. Following this 45 minute procedure, the patient was reversed and transferred to recovery where a further self-limiting convulsion occurred. At this time it was discovered that biochemistry taken two hours prior to anaesthesia revealed an Na+ of 128 mmol/l and a K+ of 2.8 mmol/l. The patient was transferred to intensive care, breathing spontaneously, where she received fluid and electrolyte replacement. In this case, we determined that knowledge of the electrolyte abnormality would have predicted (and if treated, probably prevented) intensive care admission.
The age of UIAs ranged between one month and 14 years, with a median of 1.9 years.
The mean PRISM risk of mortality was 4.9% for UIAs (Table 6) , and for a sample of 35 individuals this means that one or two patients would be expected to die. One patient died, giving a death rate of 3%. Mean PRISM risk of mortality for booked admissions was 5.6%, predicting 34 deaths. There were 18 deaths among the booked admissions, giving an identical death rate to the UIAs. The overall death rate for the PICU was 6.5%. The distribution of PRISM scores for booked and unbooked admissions was not significantly different (P=0.37).
Of the unbooked admissions, nine were after emergency surgery, and 26 after elective surgery.
The distributions of length of ICU stay (Table 7) were not significantly different between groups (P=0.27). Average duration of stay in PICU was 4.2 nights for UIAs. This compares with 3.3 nights for booked surgical admissions and, overall, 4.0 nights for all 1175 admissions to the PICU in this period.
The database revealed that "ICU-specific" interventions were necessary in 77% of non-booked and 88% of booked patients ( Table 8 ). The mean TISS score for UIAs was 18.1, with a mean TISS for booked post-anaesthesia admissions of 21.7. The Mann-Whitney U test suggests that the distributions of TISS scores in these two groups are significantly different (P=0.008).
DISCUSSION
Previous authors have questioned the validity of using an analysis of postoperative ICU admissions as an indicator of quality of anaesthesia 1 admitted unbooked to ICU, giving an overall incidence of approximately 0.23%. This figure is similar to the study of Swann et al 4 (0.18%). The range in other studies has been between 0.04% (Leigh and Tytler 5 ) and 0.42% (Cullen et al 1 ). Meaningful comparison is difficult given the differing methods of data collection, patient population and existence of other hospital facilities (especially high dependency beds outside PICU). Willingness of the anaesthetist to offer the patient for PICU admission, and capacity and willingness of the intensivist to accept the patient would obviously also influence rates. Of the 35 non-booked admissions, we identified 25 patients whose admission could have been predicted on evidence available preoperatively. Based on the patient's underlying condition, the presenting problem and the type of surgery to be performed, we identified three broad categories: a history of severe chronic disease (six patients), airway or respiratory pathology (11 patients), and expected prolonged procedures or major fluid shifts (five patients). Three patients did not fit easily into these three categories. A typical patient who had a history of severe chronic disease was a fourteen-month-old male with microcephaly, epilepsy (and prior cardiac arrests due to status epilepticus), asthma, obstructive sleep apnoea, prior aspiration pneumonia, fundoplication and gastrostomy, macroglossia and micrognathia (with a history of difficult intubation during prior anaes-thesia), who was scheduled for laryngo-bronchooesophagoscopy. The child developed asthma during the case with production of copious yellow sputum and required transfer to intensive care on CPAP. Of the patients with airway or respiratory pathology, there were two cases of pharyngeal abscess, one epiglottitis, one case of subglottic oedema and right vocal cord palsy secondary to prolonged intubation, three cases of inhaled foreign body, two cases of reduced compliance due to a distended abdomen, one case of bronchial obstruction due to cast formation in asthma, and one case of dislodged tracheostomy tube. Of the patients with prolonged procedures or major fluid shifts there was one case of Weaver-Smith syndrome with a bowel obstruction and major fluid shifts, one Kasai procedure, two severe burns and one case of orbital decompression with severe blood loss.
Of the 35 unbooked admissions, we identified seven patients (20%) whose PICU admission could have been prevented by a change in anaesthesia management. However, in contrast to the predictable group, no pattern of preventability could be determined due to the range in preventable problems. These were: reluctance to commence inotrope infusion intraoperatively, overdose of opiate, reluctance to administer CPAP immediately postoperatively, intubation of the right main bronchus, delay in drainage of bilateral pneumothoraces, inadequate fluid and electrolyte resuscitation preoperatively and inadequate preoperative respiratory preparation. It is difficult to group these errors and so we were unable to deduce a pattern of preventability. Cullen et al 1 found no instances of preventable features to care in his study. This is despite the fact that the incidence of unbooked admission was almost twice the rate in our study. Nevertheless preventable complications of anaesthesia resulted in the admission of one in five of our unbooked cases and therefore are an important factor in our UIAs.
It is interesting to note the differences in patterns of problems which precipitated unbooked admission between previous adult studies and our paediatric experience. Leigh and Tytler 5 found that the largest single group of patients was admitted as a result of postoperative ventilatory inadequacy. In our study only eleven patients had this problem. Leigh and Tytler concluded that elective ventilation after laparotomy in elderly patients should be considered more routinely. In a paediatric population the same could be said for children with chronic airway abnormalities or ventilatory inadequacy. They also were concerned about the lack of experience of relatively junior staff who might anaesthetize a severely ill or atrisk patient on their own. This was not the case in our study, in which all but one anaesthetic which resulted in unbooked PICU admission was carried out by a consultant anaesthetist (with or without an advanced anaesthesia trainee). Also in the Leigh and Tytler study, 19% of the deaths were associated with deliberate hypotension. None of our unbooked admissions had been managed with deliberate hypotension. ICU-specific interventions were not required in only 12% of booked and 23% of UIAs. Superficially, it appears from this that PICU is being over-utilized by these patients. The average stay in PICU is however not significantly different for UIAs, and comparison with international experience also suggests that there is not over-utilization of PICU. Swann 4 found no ICU-specific interventions in 35.8% of UIAs, which is typical of ICU resource utilization described by Henning 4 , namely 30-40% of patients without ICU-specific therapies. Hence, our figures compare favourably with other studies. It is reasonable to have a small over-triage rate for ICU admission. Patients who in retrospect do not need PICU admission can at least be observed closely at a time when unexpected sequelae of surgery or anaesthesia have just occurred, or there has been some instability in their physiological state. Such patients once determined to have been over-triaged can then be discharged to a standard post-surgical ward. There may be an advantage in increasing the turnover of patients through ICU to prevent missed diagnoses and disasters in standard wards, and so improve overall hospital outcomes. Oye 7 suggests that nursing such "monitor-only" patients in ICU does not increase costs since these patients constitute only a small percentage of ICU costs, and would be generating similar costs if nursed elsewhere. Because of small numbers, we were unable to characterize a group of patients whose admission to PICU was unnecessary.
The mean TISS score on unbooked admissions was lower (18.1) than that of the routine booked admissions (21.7), indicating that less intensive monitoring or therapy was provided to the UIAs. We believe that there are two major reasons for this. Firstly, the complexity of surgical procedure performed on some of the unbooked patients was lower than for booked cases, and would not normally have been expected to require PICU postoperatively. Secondly, in some cases the anaesthetist appears to have sought PICU admission as a precaution after the untoward events that had just occurred.
It is helpful to examine the details of therapy and monitoring which result in the mean TISS score for our unbooked patients. For example, case number 15 had a TISS score of 18 due to the following therapies/monitoring: recent emergency operative procedure, intercostal catheter, intermittent mandatory artificial ventilation, ECG monitoring, hourly vital signs, one peripheral intravenous (IV) catheter, standard intake and output measurement (every 24 hours), statim blood tests, intermittent scheduled IV medications, urinary catheter and one or two IV antibiotics. Such a patient obviously warrants admission to PICU. Cullen et al 8 have classified TISS scores into 4 groups, with TISS scores less than 10 (Class I) representing patients who do not require intensive care. Table 9 shows the distribution of our patients into Cullen's four classifications. Only three (8.6%) of our UIAs fall into Class I, with the remainder falling evenly between Class II and III. In contrast, booked patients required more intensive care (P<0.05 by Chi-square test).
The future use of this particular quality assurance tool is hindered by the fact that numbers of patients will be small. Whereas this makes the laborious task of medical record review lighter, the validity of conclusions based on small numbers is doubtful. Because only ICU admissions are reviewed, the larger component of post-anaesthesia morbidity, namely numerous minor complications of anaesthesia not requiring ICU admission, are missed. Deaths which occur in the operating suite (although infrequent) are also missed using this audit tool. Using the tool, only patients who are actually admitted to PICU are analysed. Because of the availability of an high dependency unit (HDU) in our hospital at the time of the study, UIAs with low TISS scores could be admitted to either PICU or HDU depending on the relative occupancy of the units when proffered for PICU admission. If anaesthetists have a low threshold for referring patients to ICU after anaesthesia misadventures, for example for purely monitoring as a form of insurance, then analysis of unbooked admissions for worthwhile cases may be more difficult. It may be because of the presence of an HDU that our Class I (monitoring only) admission rate was so low.
The review of each case via the medical record is hampered by the retrospective nature of the analysis, and by the dependence on the quality of note-taking by anaesthetists, intensivists and nursing staff. Data collection regarding the details of these patients in ICU must be prospective. One particular difficulty we discovered was the lack of recording in the notes of the actual reason for admission to ICU. This may arise from the reluctance of house staff, perhaps from medicolegal reasons, to record the nature of misadventures under anaesthesia.
All quality assurance tools should have a feedback loop by which changes are effected early to reduce recurrence of the initiating problem. Our analysis has resulted in grossly delayed feedback to our Anaesthesia Department, reducing its overall impact. More frequent analysis of these unbooked cases, with more timely discussion at our regular Anaesthesia Department meetings, would be a better use of this QA tool in future. However, collation of data over at least a year would be necessary to achieve high enough numbers of cases to permit identification of any pattern of errors.
Criticism of the authors' judgement on allocating patients to predictable and preventable categories could be made; however, this technique of using senior specialist staff to assess complicated clinical cases has been used previously in post-anaesthesia audit 4 .
Another constraint on this technique is that precipitants of an unbooked admission after surgery may be purely surgical problems, and so not be a guide to anaesthesia quality. In the majority of cases however it is usually obvious which problems are surgical and which anaesthetic. We paid attention only to anaesthesia-related complications in allocating patients to preventable and predictable categories.
In conclusion, we were able to identify three broad groups of patients at risk of unexpected PICU admission, but were unable to identify a pattern of preventability. We established the need for PICU admission in our UIAs, and discovered that there were fewer unnecessary admissions to PICU than in other studies. We found this quality assurance audit relatively easy to perform. It merely requires a review of the general medical and anaesthesia records of unbooked patients, provided the mechanism for reliably identifying them exists, namely routine flagging of the admission as unbooked in the ICU database. Because of the ease of performance, we believe this tool has some value for future use within the hospital, but because of its limitations, its use for comparison of quality of care between our hospital and other hospitals may not be valid.
